Enceladus sits in an OH cloud/torus around Saturn that was originally detected by HST
Enceladus sits in an OH cloud/torus around Saturn that was originally detected by HST (1) . This cloud extends from about 3 to 8 Saturn Radii (1 R s = Saturn's radius = 60330 km) with maximum concentration (~10 3 cm -3 ) inferred near the orbit of Enceladus (3.95 R s ). The OH cloud is produced by dissociation of H 2 O, and although the peak concentration suggested that the 1 largest source of water molecules was in the region near the orbit of Enceladus, the nature of this source was unknown. Models indicate that the source region near 4 R s must provide ~ 80% of the total OH source, estimated to be ~ 0. Another Cassini instrument, the Radio and Plasma Wave Science (RPWS) investigation (5), measured electric field fluctuations as a function of frequency and time during the Enceladus encounter ( Fig. 2) . We consider first the RPWS data, and then return to the CAPS data. RPWS provides an estimate of the total electron density, N e , at Cassini from the measured frequency of the upper hybrid resonance band (Fig. 2 ). This frequency is a known function of both the magnetic field strength (6) and the total electron density. The emission observed near the upper hybrid resonance frequency is complex, with a smoothly varying narrowband emission at low frequencies and a more sporadic, broadband extension to higher frequencies (Fig. 2) . We assume the narrowband relative maximum in the peak near the bottom of this complex line is the upper hybrid band and the broadband extension to higher frequencies is a thermal plasma effect. The study employs electron spectrometer, ELS, and ion mass spectrometer, IMS, data from CAPS (4), with the penetrating radiation background removed (Fig. 3) . Looking first at the electron counting rate as a function of energy and time, summed over the ELS field of view and uncorrected for spacecraft potential (Fig 3a) , two electron populations are visible, a 'cold' (~2-3 eV) population with peak counts near A, and a 'hot' (~20eV) population with peak counts near B. During the encounter with Enceladus the spacecraft potential is less than the ELS minimum energy, making electron density and temperature extraction difficult. However, constraining the ELS data with the RPWS total electron density ( Next we consider the IMS ion counting rate as a function of energy and time (Fig 3b) .
Although enhanced ion flux is observed throughout the encounter, a slowing and deflection of the ion flow velocity is observed when CAPS viewing is favorable before closest approach (between 19:41 and 19:46 UT) and also following closest approach (between 20:14 and 20:26 UT).
The ion composition can be obtained by IMS time-of-flight techniques (Fig 3c) ) with isotropic phase space density. The ion flow velocity is constrained to lie in Saturn's equatorial plane, and the total ion density is constrained to equal the RPWS total electron density (Fig. 2) . The ion flow velocity is illustrated in Figure 4 , where the velocity vectors are plotted on the Cassini trajectory (Fig 1b) . Also shown for reference is the ion flow velocity for rigid corotation and model flow streamlines discussed below. The measured flow is slowed and deflected from the corotation direction at least 27 R E from the moon (at the start of the inbound segment) and at a distance of 57 R E (near the end of the outbound segment) the flow is mostly in the azimuthal direction with a smaller radial component.
Although viewing was not optimum, IMS also provided a direct observation of water group ion pick-up near closest approach to Enceladus via a distinctive ion velocity-space distribution. In ion pick-up, a newborn ion has the velocity of its parent neutral, but by virtue of its acquired electrical charge it experiences the electric field associated with the magnetospheric plasma flowing relative to the neutral-gas reference frame. The ion is accelerated by this electric field and by the ambient magnetic field such that it subsequently executes a cycloidal motion, which may be described as a circular gyration about a magnetic field line that is moving with the plasma flow velocity. In velocity space, the pick-up ions exhibit a characteristic signature: a ring-shaped peak in phase space density centered on the local bulk flow velocity and with a radius equal to the flow speed at the point of ionization (Fig 5) . The ions detected by IMS are consistent with the distribution expected for pick-up into plasma flowing at 17.5 km/s with respect 4 to the neutrals, and subsequently slowing to 14 km/s at the observation point. This is well below the relative corotational speed at Enceladus of 26.4 km/s and more characteristic of the strongly slowed and deflected flow in the near vicinity of the satellite. This distribution indicates that the ion pick-up rate increases significantly near Enceladus.
The initial quantitative interpretation of the plasma flow velocity deflections (Fig 4) employs a modified version of an electrodynamics model originally developed for Jupiter's moon Io (8) . Compared to Io, plasma deflection at Enceladus occurs much farther from the moon, indicating an extended neutral gas cloud with mass loading distributed over a large volume. The massloading rate is taken to be proportional to the neutral density (9), assumed in the model to vary as the inverse square of distance from Enceladus. The model solutions (indicated by the green flow contours in Fig 4) are determined by the ratio of total mass-loading rate to the Pedersen conductance assumed for Saturn's ionosphere. The latter quantity is not well constrained observationally, but scaling from the case of Jupiter (10) suggests a value ~ 0.1 -1 S. If we adopt the lower value, the measured flow deflections roughly imply a total mass-loading rate ~ 3x10 27 H 2 O/s (~100 kg/s), comparable to the rate that has been independently estimated (2, 3) to be required to supply the remotely observed OH cloud. A larger conductance (11) would imply a correspondingly larger mass loading rate.
The RPWS data (Fig 2) do not indicate a significant increase in plasma density near Enceladus, requiring that charge exchange is the dominant mass-loading process. Further support is obtained from the RPWS electron densities, ELS electron temperatures, and IMS ion flow speeds. These data indicate the lifetime of a water molecule to electron impact ionization near
Enceladus is an order of magnitude larger than the charge exchange lifetime. In addition, the UV photo ionization lifetime is two orders of magnitude larger than the charge exchange lifetime. 5 Charge exchange is a process by which a fast ion captures an electron from a slow neutral in the vicinity of Enceladus. It produces, on average, a fast neutral and a slow ion. Following such an interaction, the local ion density does not change but the rotating fields pick-up and accelerate the ion producing the observed mass loading. The charge exchange process described here produces an enormous expansion of the Enceladus cloud by creating the energetic neutrals (12) 
